WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

H02P 1/22, 7/00, G05B 11/14, G05D 
23/275 



Al 



(11) International Publication Number: WO 96/39740 

(43) International Publication Date: 12 December 1996 (12.12.96) 



(21) International Application Number: PCT/US96/09180 

(22) International Filing Date: 4 June 1996 (04.06.96) 



(30) Priority Data: 
08/467,039 



6 June 1995 (06.06.95) 



US 



(71) Applicant: THE CHAMBERLAIN GROUP, INC. [US/US]; 

845 Larch Avenue, Elmhurst, IL 60126-1 196 (US). 

(72) Inventors: FTTZGIBBON, James, J.; 10 Carol Ann Drive, 

Streamwood, EL 60107 (US). MORAVEC, John, V.; 212 
Hinricher Drive, Willow Springs, IL 60480 (US). F ARRIS, 
Bradford; 5316 Leavitt, Chicago, IL 60625 (US). 

(74) Agents: SAMPLES, Kenneth, H. et al.; Fitch, Even, Tabin & 
Flannery, Suite 900, 135 South LaSalle Street, Chicago, IL 
60603 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BB f BG, BR, BY, 
CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IL, 
IS, JP, KE, KG, KP. KR, KZ, LK, LR, LS, LT, LU, LV, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, TJ, TM, TR, TT, UA, UG. UZ, VN. 
ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI. CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Tide: MOVABLE BARRIER OPERATOR HAVING FORCE AND POSITION LEARNING CAPABILITY 




(57) Abstract 

A movable barrier operator (10) includes a wall control switch module (39) having a learn switch (39b) thereon. The switch module 
(39) is connectable to a control unit (70) positioned in a head (12) of a garage movable barrier operator. The head unit (12) also contains 
an electric motor (106) which is connected to a transmission for opening and closing a movable barrier (24) such as a garage door. The 
switch module (39) includes a plurality of switches coupled to capacitors which, when closed, have varying charge and discharge times 
to enable which switch has been closed. The control unit (70) includes an automatic force incrementing system for adjusting the maximal 
opening and closing force to be placed upon the movable barrier (24) during a learn operation. Likewise, end of travel limits can also be 
set during a learn operation upon installation of the unit (10). The movable barrier unit (10) also includes an ambient temperature sensor 
(120) which is used to derive a motor temperature signal, which motor temperature signal is measured and is used to inhibit motor operation 
when further operation exceeds or is about to exceed set point temperature limits. 
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MOVABLE BARRIER OPERATOR HAVING FORCE 
AND POSITION LEARNING CAPABILITY 

BACKGROUND OF THE INVENTION 

The invention relates in general to a movable 
5 barrier operator for opening and closing a movable barrier 
or door. More particularly, the invention relates to a 
garage door operator that can learn force and travel limits 
when installed and can simulate the temperature of its 
electric motor to avoid motor failure during operation. 

10 A number of garage door operators have been sold 

over the years. Most garage door operators include a head 
unit containing a motor having a transmission connected to 
it, which may be a chain drive or a screw drive, which is 
coupled to a garage door for opening and closing the garage 

15 door. Such garage door openers also have included optical 
detection systems located near the bottom of the travel of 
the door to prevent the door from closing on objects or on 
persons that may be in the path of the door. Such garage 
door operators typically include a wall control which is 

2 0 connected via one or more wires to the head unit to send 
signals to the head unit to cause the head unit to open and 
close the garage door, to light a worklight or the like. 
Such prior art garage door operators also include a 
receiver and head unit for receiving radio frequency 

25 transmissions from a hand- held code transmitter or from a 
keypad transmitter which may be affixed to the outside of 
the garage or other structure. These garage door operators 
typically include adjustable limit switches which cause the 
garage door to operate or to halt the motor when the travel 

30 of the door causes the limit switch to change state which 
may either be in the up position or in the down position. 
This prevents damage to the door as well damage to the 
structure supporting the door. It may be appreciated, 
however, that with different size garages and different 

35 size doors, the limits of travel must be custom set once 
the unit is placed within the garage. In the past, such 
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units have had mechanically adjustable limit switches which 
are typically set by an installer. The installer must go 
back and forth between the door, the wall switch and the 
head unit in order to make the adjustment. This, of 
5 course, is time consuming and results in the installer 
being forced to spend more time than is desirable to 
install the garage door operator. 

A number of requirements are in existence from 
Underwriter's Laboratories, the Consumer Product Safety 

10 Commission and the like which require that garage door 
operators sold in the United States must, when in a closing 
mode and contacting an obstruction having a height of more 
than one inch, reverse and open the door in order to 
prevent damage to property and injury to persons. Prior 

15 art garage door operators also included systems whereby the 
force which the electric motor applied to the garage door 
through the transmission might be adjusted. Typically, 
this force is adjusted by a licensed repair technician or 
installer who obtained access to the inside of the head 

20 unit and adjusts a pair of potentiometers, one of which 
sets the maximal force to be applied during the closing 
portion of door operation, the other of which establishes 
the maximum force to be applied during the opening of door 
operation. 

25 Such a garage door operator is exemplified by an 

operator taught in U.S. Patent No. 4,638,443 to Schindler. 
However, such door operators are relatively inconvenient to 
install and invite misuse because the homeowner, using such 
a garage door operator, if the garage door operator begins 
to bind or jam in the tracks, may likely obtain access to 
the head unit and increase the force limit. Increasing the 
maximal force may allow the door to move passed a binding 
point, but apply the maximal force at the bottom of its 
travel when it is almost closed where, of course, it should 
35 not. 



30 
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Another problem associated with prior art garage 
door operators is that they typically use electric motors 
having thermostats connected in series with portions of 
their windings. The thermostats are adapted to open when 
5 the temperature of the winding exceeds a preselected limit. 
The problem with such units is that when the thermostats 
open, the door then stops in whatever position it is then 
in and can neither be opened or closed until the motor 
cools, thereby preventing a person from exiting a garage or 
10 entering the garage if they need to. 

SUMMARY OF THE INVENTION 

The present invention is directed to a movable 
barrier operator which includes a head unit having an 
electric motor positioned therein, the motor being adapted 

15 to drive a transmission connectable to the motor, which 
transmission is connectable to a movable barrier such as a 
garage door. A wired switch is connectable to the head 
unit for commanding the head unit to open and close the 
door and for commanding a controller within the head unit 

20 to enter a learn mode. The controller includes a micro- 
controller having a non-volatile memory associated with it 
which can store force set points as well as digital end of 
travel positions within it. When the controller is placed 
in learn mode by appropriate switch closure from the wall 

25 switch, the door is caused to cycle open and closed. The 
force set point stored in the non-volatile memory is a 
relatively low set point and if the door is placed in learn 
mode and the door reaches a binding position, the set point 
will be changed by increasing the set point to enable the 

3 0 door to travel through the binding area. Thus, the set 
points will be dynamically adjusted as the door is in the 
learn, but the set points will not be changeable once the 
door is taken out of the learn mode, thereby preventing the 
force set point from being inadvertently increased, which 
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might lead to property damage or injury. Likewise, the end 
of travel positions can be adjusted automatically when in 
the learn mode because if the door is halted by the 
controller, when the controller senses that the door 
5 position has reached the previously set end of travel 
position, the door will then be commanded by a button push 
from the wall switch to keep travelling in the same 
direction, thereby incrementing or changing. The end of 
travel limits are set by pushing the learn button on the 

10 wall switch which causes the door to travel upward and 
continue travelling upward until the door has travelled as 
far as the operator wishes it to travel. The disables the 
learn switch by lifting his hand from the button. The up 
limit is then stored and the door is then moved toward the 

15 closed position. A pass point or position normalizing 
system consisting of a ring-like light interrupter attached 
to the garage door crosses the light path of an optical 
obstacle detector signalling instantaneously the position 
of the door and the door continues until it closes, where- 

20 upon force sensing in the door causes an auto- reverse to 
take place and then raises the door to the up position, the 
learn mode having been completed and the door travel limits 
having been set. 

The movable barrier operator also includes a 
25 combination of a temperature sensor and microcontroller. 
The temperature sensor senses the ambient temperature 
within the head unit because it is positioned in proximity 
with the electric motor. When the electric motor is 
operated, a count is incremented in the microcontroller 
3 0 which is multiplied by a constant which is indicative of 
the speed at which the motor is moving. This incremented 
multiplied count is then indicative of the rise in tempera- 
ture which the motor has experienced by being operated. 
The count has subtracted from it the difference between the 
3 5 simulated temperature and the ambient temperature and the 
amount of time which the motor has been switched off. The 
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totality of which is multiplied by a constant. The remain- 
ing count then is an indication of the extant temperature 
of the motor. In the event that the temperature, as 
determined by the microcontroller, is relatively high, the 
5 unit provides a predictive function in that if an attempt 
is made to open or close the garage door, prior to the door 
moving, the microcontroller will make a determination as to 
whether the single cycling of the door will add additional 
temperature to the motor causing it to exceed a set point 

10 temperature and, if so, will inhibit operation of the door 
to prevent the motor from being ' energized so as to exceed 
its safe temperature limit. 

The movable barrier operator also includes light 
emitting diodes for providing an output indication to a 

15 user of when a problem may have been encountered with the 
door operator. In the event that further operation of the 
door operator will cause the motor to exceed its set point 
temperature, an LED will be illuminated as a result of the 
microcontroller temperature prediction indicating to the 

2 0 user that the motor is not operating because further opera- 
tion will cause the motor to exceed its safe temperature 
limits . 

It is a principal aspect of the present invention 
to provide a movable barrier operator which is able to 
25 quickly and automatically select end of travel positions. 

It is another aspect of the present invention to 
provide a movable barrier operator which, upon installa- 
tion, is able to quickly establish up and down force set 
points . 

30 It is still another aspect of the present 

invention to provide a movable barrier operator which can 
determine the temperature of the motor based upon motor 
history and the ambient temperature of the head unit. 

Other aspects and advantages of the invention 

35 will become obvious to one of ordinary skill in the art 
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upon a perusal of the following specification and claims in 
light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a garage having 
5 mounted within it a garage door operator embodying the 
present invention; 

FIG. 2 is a block diagram of a controller mounted 
within the head unit of the garage door operator employed 
in the garage door operator shown in FIG. 1; 
10 FIG. 3 is a schematic diagram of the controller 

shown in block format in FIG. 2; 

FIG. 4 is a schematic diagram of a receiver 
module shown in the schematic diagram of FIG. 3; 

FIG. 5A-B are a flow chart of a main routine that 
15 executes in a microcontroller of the control unit; 

FIGS. 6A-G are a flow diagram of a learn routine 
executed by the microcontroller; 

FIGS. 7A-B are flow diagrams of a timer routine 
executed by the microcontroller; 
20 FIGS. 8A-B are flow diagrams of a state routine 

representative of the current and recent state of the 
electric motor; 

FIGS. 9A-B are a flow chart of a tachometer input 
routine and also determines the position of the door on the 
25 basis of the pass point system and input from the optical 
obstacle detector; 

FIGS. 10A-C are flow charts of the switch input 
routines from the switch module; and 

FIG. 11 is a schematic diagram of the switch 
30 module and the switch biasing circuit. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings and especially to 
FIG. l, more specifically a movable barrier door operator 
or garage door operator is generally shown therein and 
referred to by numeral 10 includes a head unit 12 mounted 
within a garage 14. More specifically, the head unit 12 is 
mounted to the ceiling of the garage 14 and includes a rail 
18 extending therefrom with a releasable trolley 20 
attached having an arm 22 extending to a multiple paneled 
garage door 24 positioned for movement along a pair of door 
rails 26 and 28. The system includes a hand-held trans- 
mitter unit 3 0 adapted to send signals to an antenna 32 
positioned on the head unit 12 and coupled to a receiver as 
will appear hereinafter. An external control pad 34 is 
15 positioned on the outside of the garage having a plurality 
of buttons thereon and communicate via radio frequency 
transmission with the antenna 32 of the head unit 12. A 
switch module 39 is mounted on a wall of the garage. The 
switch module 39 is connected to the head unit by a pair of 
20 wires 39a. The switch module 39 includes a learn switch 
39b, a light switch 39c, a lock switch 39d and a command 
switch 39e. An optical emitter 42 is connected via a power 
and signal line 44 to the head unit. An optical detector 
46 is connected via a wire 48 to the head unit 12. A pass 
25 point detector 49 comprising a bracket 49a and a plate 
structure 49b extending from the bracket has a substantial- 
ly circular aperture 49c formed in the bracket, which 
aperture might also be square or rectangular. The pass 
point detector is arranged so that it interrupts the light 
30 beam on a bottom leg 49d and allows the light beam to pass 
through the aperture 49c. The light beam is again inter- 
rupted by the leg 49e, thereby signalling the controller 
via the optical detector 46 that the pass point detector 
attached to the door has moved passed a certain position 
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allowing the controller to normalize or zero its position, 
as will be appreciated in more detail hereinafter. 

As shown in FIG. 2, the garage door operator 10, 
which includes the head unit 12 has a controller 70 which 
5 includes the antenna 32. The controller 70 includes a 
power supply 72 which receives alternating current from an 
alternating current source, such as 110 volt AC, and 
converts the alternating current to +5 volts zero and 
24 volts DC. The 5 volt supply is fed along a line 74 to 

10 a number of other elements in the controller 70. The 
24 volt supply is fed along the line 76 to other elements 
of the controller 70. The controller 70 includes a super- 
regenerative receiver 80 coupled via a line 82 to supply 
demodulated digital signals to a microcontroller 84. The 

15 receiver is energized by a line 86 coupled to the line 74. 
The microcontroller is also coupled by a bus 86 to a non- 
volatile memory 88, which non- volatile memory stores set 
points and other customized digital data related to the 
operation of the control unit. An obstacle detector 90, 

2 0 which comprises the emitter 42 and infrared detector 46 is 
coupled via an obstacle detector bus 92 to the micro- 
controller. The obstacle detector bus 92 includes lines 44 
and 48. The wall switch 39 is connected via the connecting 
wires 39a to a switch biasing module 96 which is powered 

25 from the 5 volt supply line 74 and supplies signals to and 
is controlled by the microcontroller via a bus 100 coupled 
to the microcontroller. The microcontroller, in response 
to switch closures, will send signals over a relay logic 
line 102 to a relay logic module 104 connected to an 

30 alternating current motor 106 having a power take-off shaft 
108 coupled to the transmission 18 of the garage door 
operator. A tachometer 110 is coupled to the shaft 108 and 
provides a tachometer signal on a tachometer line 112 to 
the microcontroller 84. The tachometer signal being 

35 indicative of the speed of rotation of the motor. 
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The power supply 72 includes a transformer 130 
which receives alternating current on leads 132 and 134 
from an external source of alternating current. The 
transformer steps down the voltage to 24 volts and feeds 
5 24 volts to a pair of capacitors 138 and 140 which provide 
a filtering function. A 24 volt filtered DC potential is 
supplied on the line 76 to the relay logic 104. The 
potential is fed through a resistor 142 across a pair of 
filter capacitors 144 and 14 6 , which are connected to a 

10 5 volt voltage regulator 150, which supplies regulated 
5 volt output voltage across a capacitor 152 and a Zener 
diode 154 to the line 74. 

Signals may be received by the controller at the 
antenna 32 and fed to the receiver 80. The receiver 8 0 

15 includes a pair of inductors 170 and 172 and a pair of 
capacitors 174 and 176 that provide impedance matching 
between the antenna 32 and other portions of the receiver. 
An NPN transistor 178 is connected in common base configur- 
ation as a. buffer amplifier. Bias to the buffer amplifier 

20 transistor 178 is provided by resistors 180. A resistor 
188 , a capacitor 190, a capacitor 192 and a capacitor 194 
provide filtering to isolate a later receiver stage from 
the buffer amplifier 178. An inductor 196 also provides 
power supply buffering. The buffered RF output signal is 

25 supplied on a line 200, coupled between the collector of 
the transistor 178 and a receiver module 202 which is shown 
in FIG. 4. The lead 204 feeds into the unit 202 and is 
coupled to a biasing resistor 220. The buffered radio 
frequency signal is fed via a coupling capacitor 222 to a 

30 tuned circuit 224 comprising a variable inductor 22 6 
connected in parallel with a capacitor 228. Signals from 
the tuned circuit 220 are fed on a line 230 to a coupling 
capacitor 232 which is connected to an NPN transistor 234 
at its based 236. The transistor has a collector 240 and 

35 emitter 242. The collector 240 is connected to a feedback 
capacitor 246 and a feedback resistor 248. The emitter is 
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also coupled to the feedback capacitor 246 and to 
capacitor 250. The line 210 is coupled to a choke inductor 
256 which provides ground potential to a- pair of resistors 
258 and 260 as well as a capacitor 262. The resistor 258 
is connected to the base 236 of the transistor 234. The 
resistor 260 is connected via an inductor 264 to the 
emitter 242 of the transistor. The output signal from the 
transistor is fed outward on a line 212 to an electrolytic 
capacitor 270. 

As shown in FIG. 3, the capacitor 270 capaci- 
tively couples the demodulated radio frequency signal to a 
bandpass amplifier 280 to an average detector 282 which 
feeds a comparator 284. The comparator 284 also receives 
a signal directly from the bandpass amplifier 280 and 
provides a demodulated digital output signal on the line 82 
coupled to the P32 pin of the Z86E21/61 microcontroller. 
The microcontroller is energized by the power supply 72 and 
also controlled by the wall switch 39 coupled to the micro- 
controller by the leads 100. 

20 From tim e to time, the microcontroller will 

supply current to the switch biasing module 96. 

The microcontroller operates under the control of 
a main routine as shown in FIGS. 5A and 5B. When the unit 
is powered up, a power on reset is performed in a step 300, 
the memory is cleared and a check sum from read-only memory 
within the microcontroller 84 is tested. In a step 302, if 
the check sum and the memory prove to be correct, control 
is transferred to a step 304, if not, control is trans- 
ferred back to the step 300. In the step 304, the last 
non- volatile state, which is indicative of the state of the 
operator, that is whether the operator indicated the door 
was at its up limit, down limit or in the middle of its 
travel, is tested for in a step 304 and if the last state 
is a down limit, control is transferred to a step 306. If 
35 it was an up limit, control is transferred to a step 308. 
If it was neither a down nor an up limit, control is 
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transferred to a step 310. In the step 306, the position 
is set as the down limit value and a window flag is set. 
The operation state is set as down limit. In a step 308, 
the position is set as up, the window flag is set and the 
operation state is set as up limit. In the step 310, the 
position is set as outside the normal range, 6 inches below 
the secondary up limit. The operation state is set as 
stopped. Control is transferred from any of steps 306, 308 
and 310 to a step 312 where a stored simulated motor 
temperature is read from the non-volatile memory 88. The 
temperature of a printed circuit board positioned within 
the head unit is read from the temperature sensor 120 which 
is supplied over a line 120a to the microcontroller. In 
order to read the PC board temperature, a pin P20 of the 
microprocessor is driven high, causing a high potential to 
appear on a line 120b which supplies a current through the 
RTD sensor 120 to a comparator 120c. A capacitor I20d 
connected to the comparator and to the temperature sensor, 
is grounded and charges up. The other input terminal to 
the comparator has a voltage divider I20e connected to it 
to supply a reference voltage of about 2.5 volts. Thus, 
the microcontroller starts a timer running when it brings 
line 120b high and interrogates a line I20f to determine 
its state. The line I20f will be driven high when the 
25 temperature at the junction of the RTD 120 and the 
capacitor I20d exceeds 2.5 volts. Thus, the time that it 
takes to charge the capacitor through the resistance is 
indicative of the temperature within the head unit and, in 
this manner, the PC board temperature is read and if the 
30 temperature as read is greater than the temperature 
retrieved from the non-volatile memory, the temperature 
read from the PC board is then stored as the motor 
temperature . 

In a step 314, constants related to the receipt 
and processing of the demodulated signal on the line 82 are 
initialized. In a step 316, a test is made to determine 



20 



35 
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whether the learn switch 39b had been activated within the 
last 30 seconds. if it has not, control is transferred 
back to the step 314. 

In a step 31B, a test is made to determine 
5 whether the command switch debounce timer has expired. If 
it has, control is transferred to a step 320. if it is 
not, control is transferred back to the step 314. in the 
step 320, the learn limit cycle is begun as will be 
discussed in more detail as to FIGS . 6A through 6G. The 

10 main routine effectively has a number of interrupt routines 
coupled to it. in the event that a falling edge is 
detected on the line 112 from the tachometer, an interrupt 
routine related to the tachometer is serviced in the step 
322. A timer interrupt occurs every 0.5 millisecond in a 

15 step 324 as shown in FIGS. 7A through 7B. 

The obstacle detector 90 generates a pulse every 
10 milliseconds during the time when the beam from the 
infrared emitter 42 has not been interrupted either by the 
pass point system 49 or by an obstacle, in a step 326 

20 following which the obstacle detector timer is cleared in 
a step 328. 

As shown in FIGS. 10A through 10C, operation of 
the switch biasing module 96 is controlled over the lines 
100 by the microcontroller 84. The microcontroller 84, in 

25 the step 340, tests to determine whether an RS232 digital 
communications mode has been set. If it has, control is 
transferred to a step 342, as shown in FIG. 10C, testing 
whether data is stored in an output buffer to be output 
from the microcontroller. If it is, control is transferred 

30 to a step 344 outputting the next bit, which may include a 
start bit. from the output buffer and control is then 
transferred back to the main routine. In the event that 
there is no data in the data buffer, control is transferred 
to the step 346, testing whether data is being received 

35 over lines 100. If it is being received, control is 
transferred to a step 34 8 to receive the next bit into the 
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input buffer and the routine is then exited. If not, 
control is transferred to a step 350. In the step 350, a 
test is made to determine whether a start bit for RS232 
signalling has been received. if it has not, control is 
5 transferred to a return step 352. if it has, control is 
transferred to a step 354 in which a flag is set indicating 
that the start bit has been received and the routine is 
exited. As shown in FIG. 10A, if the response to the 
decision block 340 is no, control is transferred to a 

10 decision step 360. The switch status counter is incre- 
mented and then a test is determined as to whether the 
contents of the counter are 29. If the switch counter is 
29, control is transferred to a step 362 causing the 
counter to be zeroed. If the counter is not 29, control is 

15 transferred to a step 364, testing for whether the switch 
status is equal to zero. If the switch status is equal to 
zero, control is transferred to a step 366. In a step 366, 
a current source transistor 368, shown in FIG. 8, is 
switched on, drawing current through resistors 370 and 372 

20 and feeding current out through a line 39a connected 
thereto to the switch module 39a and, more specifically, to 
a resistor 380, a 0.10 microfarad capacitor 382, a 
l microfarad capacitor 3 84, a 10 microfarad capacitor 386 
and a switch terminal 388. The switch 39e is coupled to 

25 the switch terminal 388. The switch 39d may be selectively 
coupled to the capacitor 3 86. The switch 39b may be 
selectively coupled to the capacitor 384. The switch 39c 
may be selectively coupled to the capacitor 382. A light 
emitting diode 392 is connected to the resistor 380. 

30 Current flows through the resistor 380 and the light 
emitting diode 392 back to another one of the lines 39a and 
through a field effect transistor 398 to ground. In step 
402, the sense input on a line 100 coupled to the 
transistor 398 is tested to determine whether the input is 

35 high. If the input is high immediately, that is indicative 
of the fact that switches 39b through 39e are all open and 
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in a step 404, debounce timers are decremented for all 
switches and a got switch flag is set and the routine is 
exited in the event that the test of step 402 is negative . 
Control is then transferred to a step 406 testing after 
5 10 milliseconds if the sense in output on the line 100 
connected to the field effect transistor 398 is high, which 
would be indicative of the switch 39c having been closed. 
If it is high, the worklight timer is incremented, all 
other switch timers are decremented, the got switch flag is 

10 set and the routine is exited. In the event that the 
decision in step 406 is in the negative, control is 
transferred to a step 410 and the routine is exited. In 
the event that the decision from step 364 is in the 
negative, control is transferred to a step 412 wherein the 

15 switch status is tested as to whether it is equal to one. 
If it is, control is transferred to a step 414 testing 
whether the sensed input on the line 100 connected to the 
field effect transistor is high. if it is, control is 
transferred to step 416 to set the got switch flag, after 

20 which in a step 418, the learn switch debouncer is incre- 
mented, all other switch counters are decremented, the got 
switch flag is set and the routine is exited. In the event 
that the answer to step 414 is in the negative, control is 
transferred to a return step 420. 

25 In the event that the answer to step 412 is in 

the negative, control is transferred to a step 422, as 
shown in FIG. 10B. A test is made as to whether the switch 
status is equal to 10. If it is, control is transferred to 
a step 424 where the sense out input is tested as high. 

3 0 Thus, the charging rate for the capacitors which, 

in effect, is sensed on the line 100 connected to the field 
effect transistor 398 which is coupled to ground, is indi- 
cative of which of the switches is closed because the 
switch 39c has a capacitor that charges at 10 times the 

35 rate of the capacitor 384 connected to 39b and 100 times 
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the rate of the capacitor 386 selectively couplable to 
switch 39d. 

After the switch measurement has been made, the 
transistor 368 is switched non-conducting by the line 368b 
5 and the field effect transistor 398 is switched non- 
conducting by a line 450 connected to its gate. A 
transistor 462, coupled via a resistor 464 to a line 466, 
is switched on, biasing a transistor 468 on, causing 
current to flow through a diagnostic light emitting diode 

10 470 to a field effect transistor 472 which is switched on 
via a voltage on a line 474. In addition, the capacitors 
386, 384 and 382, which may have been charged are 
discharged through the field effect transistor 472. 

In order to perform all of the switching 

15 functions after the step 424 has been executed, control is 
transferred to a step 510 testing whether the got switch 
flag has been cleared. If it has, control is transferred 
to a step 512 in which the command timer is incremented and 
all other timers are decremented and the got switch flag is 

2 0 set and the routine is exited. If the got switch flag is 
cleared as indicated in the step 510, the routine is exited 
in the step 514. In the event that the sense input is 
measured as being high in the step 424, control is trans- 
ferred to a step 516 where the vacation or lock flag 

2 5 counter is incremented and all other counters are decre- 

mented. The got switch flag is set and the routine is 
exited. In the event that the switch status equal 10 test 
in the step 422 is indicated to be no, control is then 
transferred to a step 520 testing whether the switch status 

3 0 is 11. If the switch status is 11, indicating that the 

routine has been swept through 11 times, control is 
transferred to a step 522 in which the field effect 
transistors 398 and 472 are both switched on, providing 
ground pads on both sides of the capacitors causing the 
35 capacitors to discharge and the routine is then exited. In 
the event that the step 520 test is negative, control is 
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transferred to a step 524 testing whether the routine has 
been executed 15 times, if it has, control is transferred 
to a step 526 indicating that the bit which controls the 
status the light emitting diode 470, the diagnostic light 
5 emitting diode, has been set. if it has not been Sfit< 
control is transferred to a step 528 wherein both 
transistors 368 and 468 are switched on and both the field 
effect transistors 398 and 472 are switched off. m order 

io T, T\ Sh ° rt CirCUitS bStWeen the source "* *»±» 
10 electrodes of the field effect transistors 398 and 472 

which might cause false operation signals to be supplied on 

the lines 100 to the microcontroller 84, resulting in 

inadvertent operation of the electric motor. The routine 

as then exited. In the event that the test in step 526 

15 indicates that the diagnostic LED bit has been set, control 

as transferred to a step 530. m the step 530, the 

transistors 468 and 472 are switched on allowing current to 

flow through the diagnostic LED 470. In the event that the 

test in step 524 is negative, a test is made in a step 532 

20 as to whether the routine has been executed 26 times. If 

at has not, the routine is exited in a ste p 534. if it 

has, both of the field effect transistors 398 and 372 are 

switched on to connect all of the capacitors to ground to 

discharge the capacitors and the routine is exited. 

25 as shown in FIGS. 7A and 7B. when the timer 

interrupt occurs as in step 324,. control is transferred to 

a step 550 shown in FIG. 7A wherein a test is made to 

determine whether a 2 millisecond timer has expired If it 

has not, control is transferred to a step 552 determining 

30 whether a 500 millisecond timer has expired. if the 

500 millisecond timer has expired, control is transferred 

to a step 554 testing whether power has been switched on 

through the relay logic 104 to the electric motor 106 If 

the motor has been switched on, control is transferred to 

35 a step 556 testing whether the motor is stalled as 

indicated by the motor power having been switched on and by 
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the fact that pulses are not coming through on the line 112 
from the tachometer no. In the event that the motor has 
stalled, control is transferred to a step 558. In the step 
558 the existing motor temperature indication, as stored in 
5 one of the registers of the microcontroller 84, has added 
to it a constant which is related to a motor characteristic 
which is added in when the motor is indicated to be 
stalled, in the event that the response to the step 556 is 
in the negative, indicating that the motor is not stalled, 
10 control is transferred to a step 560 wherein the motor 
temperature is updated by adding a running motor constant 
to the motor temperature. In the event that the response 
to the test in step 554 is in the negative, indicating that 
motor power is not on and that heat is leaking out of the 
motor so that the temperature will be dropping, the new 
motor temperature is assigned as being equal to the old 
motor temperature, less the quantity of the old motor 
temperature, minus the ambient temperature measured from 
the RTD probe 120, the whole difference multiplied by a 
thermal decay fraction which is a number. 

All of steps 558, 560 and 562 exit to a step 564 
which test as to whether a 15 minute timer has timed out. 
If the timer has timed out, control is transferred to a 
step 566 causing the current, or updated motor temperature, 
25 to be stored in a non-volatile memory 88. If the 15 minute 
timer has not been timed out, control is transferred to a 
step 510, as shown in FIG. 7B. step 566 also exits to step 
568. A test is made in the step 568 to determine whether 
a obstacle detector interrupt has come in via step 326 
30 causing the obstacle detector timer to have been cleared. 
If it has not, the period will be greater than 12 milli- 
seconds, indicating that the obstacle detector beam has 
been blocked. If the obstacle detector beam, in fact, has 
. been blocked, control is transferred to a step 570 to set 
35 the obstacle detector flag. 
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In the event that the response to step 568 is in 
the negative, the obstacle detector flag is cleared in the 
step 572 and control is transferred to a step 574. All 
operational timers, including radio timers and the like are 
5 incremented and the routine is exited. 

In the event that the 2 millisecond timer tested 
for in the step 550 has expired, control is transferred to 
a step 576 which calls a motor operation routine. Follow- 
ing execution of the motor operation routine, control is 
10 transferred to the step 552. When the motor operation 
routine is called, as shown in FIG. 8A, a test is made in 
a step 580 to determine the status of the motor operation 
state variable which may indicate that the up limit has 
been reached. If the up limit or the down limit have been 
15 reached, the motor is causing the door to travel up or 
down, the door has stopped in mid-travel or an auto-reverse 
delay indicating that the motor has stopped in mid- travel 
and will be switching into up travel shortly. In the event 
that there is an auto-reverse delay, control is transferred 
20 to a step 582, when a test is made for a command from one 
of the radio transmitters or from the wall control unit 
and, if so, the state of the motor is set indicating that 
the motor has stopped in mid- travel. Control is then 
transferred to a step 584 in which 0.50 second timer is 
25 tested to determine whether it has expired. If it has, the 
state is set to the up travel state following which the 
routine is exited in the step 586. In the event that the 
operation state is in the up travel state, as tested for in 
step 580, control is transferred to a step 588 testing for 
a command from a radio or wall control and if the command 
is received, the motor operational state is changed to stop 
in mid- travel. Control is transferred to a step 59 0. If 
the force period indicated is longer than that stored in an 
up array location, indicated by the position of the motor. 
35 The state of the door is indicated as stopped in mid- 
travel. Control is then transferred to a step 592 testing 
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whether the current position of the door is at the up 
limit, then the state of the door is set as being at the up 
limit and control is transferred to a step 594 causing the 
routine to be exited, as shown in FIG. 8B. 
5 in the event that the operational state tested 

for in the step 580 is indicated to be at the up limit, 
control is transferred to a step 596 which tests for a 
command from the radio or wall control unit and a test is 
made to determine whether the motor temperature is below a 

10 set point for the down travel motor temperature threshold. 
The state is set as being a down travel state. If the 
temperature value exceeds the threshold or set point 
temperature value, an output diagnostic flag is set for 
providing an output indication in another routine. Control 

15 is then transferred to a step 598, causing the routine to 
be exited. In the event that the down travel limit has 
been reached, control is transferred to a step 600 testing 
for whether a command has come in from the radio or wall 
control and, if it has, the state is set as auto- reverse 

20 and the auto- reverse timer is cleared. Control is then 
transferred to a step 602 testing whether the force period, 
as indicated, is longer than the force period stored in the 
down travel array for the current position of the door. 
Auto- reverse is then entered at step 582 on a later 

25 iteration of the routine. Control is transferred to a step 
604 to test whether the position of the door is at the down 
limit position and the pass point detector has already- 
indicated that the door has swept the passed the pass 
point, the state is set as a down limit state and control 

30 is transferred to a step 606 testing for whether the door 
position is at the down limit position and testing for 
whether the pass point has been detected. If the pass 
point has not been detected, the motor operational state is 
set to auto-reverse, causing auto- reverse to be entered in 

35 a later routine and control is transferred to a step 608, 
exiting the main routine. 
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In the event that the block 580 indicates that 
the door is at the down limit, control is transferred to a 
step 610, testing for a command from the radio or wall 
control and testing, the current motor temperature. If the 
current motor temperature is below the up travel motor 
temperature threshold, then the motor state variable is set 
as equal to up travel. If the temperature is above the 
threshold or set point temperature, a diagnostic code flag 
is then set for later diagnostic output and control is 
transferred to a return step 612. In the event that the 
motor operational state is indicated as being stopped in 
mid- travel, control is transferred to a step 614 which 
tests for a radio or wall control command and tests the 
motor temperature value to determine whether it is above or 
15 below a down travel motor temperature threshold. If the 
motor temperature is above the travel threshold, then the 
door is left stopped in mid- travel and the routine is 
returned from in step 616. 

In the event that the learn switch has been 
20 activated as tested for in step 316 and the command switch 
is being held down as indicated by the positive result from 
the step 31B, the learn limit cycle is entered in step 320 
and transfers control to a step 630, as shown in PIG. 6A, 
in step 630, the maximum force is set to a minimum value 
25 from which it can later be incremented, if necessary. The 
motor up and motor down controllers in the relay logic 104 
are disabled. The relay logic 104 includes an NPN 
transistor 700 coupled to line 76 to receive 24 to 28 volts 
therefrom via a coil 702 of a relay 704 having relay 
30 contacts 706. A transistor 710 coupled to the micro- 
controller is also coupled to line 76 via a relay coil 714 
and together comprise an up relay 718 which is connected 
via a lead 720 to the electric motor 106. A down 
transistor 73 0 is coupled via a coil 732 to the power 
35 supply 76. The down relay 732 has an armature 734 
associated with it and is connected to the motor to drive 
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it down. Respective diodes 740 and 742 are connected 
across coils 714 and 732 to provide protection when the 
transistors 710 and 730 are switched off. In the step 632, 
both the transistors 710 and 730 are switched off, inter- 
5 rupting either up motor power or down motor power to the 
electric motor 106 and the microcontroller delays for 
0.50 second. Control is then transferred to a step 634, 
causing the relay 704 to be switched on, delivering power 
to an electric light or worklight 750 associated with the 

10 head unit. The up motor relay 716 is switched on. A 
1 second timer is also started which inhibits testing of 
force limits due to the inertia of the door as it begins 
moving. Control is then transferred to a step 63 6, testing 
for whether the 1 second timer has timed out and testing 

15 for whether the force period is longer than the force limit 
setting. If both conditions have occurred, control is 
transferred to a step 640 as shown in FIG. 6B. If either 
the 1 second timer has not timed out or the force period is 
not longer than the force limit setting, control is 

2 0 transferred to a step 638 which tests whether the command 

switch is still being held down. If it is, control is 
transferred back to step 636. If it is not, control is 
transferred to the step 640. In step 640, both the up 
transistor 710 and the down transistor 730 are causing both 
25 the up motor and down motor command from the relay logic to 
be interrupted and a delay of 0.50 second is taken and the 
position counter is cleared. Control is then transferred 
to a step 640 in which the transistor 730 is commanded to 
switch on, starting the motor moving down and the 1 second 

3 0 force ignore timer is started running. A test is made in 

a step 642 to determine whether the command switch has been 
activated again. If it has, the force limit setting is 
increased in a step 644 following which control is then 
transferred back to the step 632. If the command switch is 
3 5 not being held down, control is then transferred to a step 
646, testing whether the 1 second force ignore timer has 
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timed out. The last 32 rpm pulses indicative of the force 
are ignored and a force period from the previous pulse is 
accepted as the down force. Control is then transferred to 
a step 648 and a test is made to determine whether the 
movable barrier is at the pass point as indicated by the 
pass point detector 49 interacting with the optical 
detector 46. Control is then transferred to a step 650. 
The position counter is complemented and the complemented 
value is stored as the up limit following which the 
position counter is cleared and a pass point flag is set. 
Control is then transferred back to the step 642. in the 
event that the result of the test in step 648 is negative, 
control is transferred to a step 652 which tests whether 
the l second force delay timer has expired and whether the 
force period is greater than the force limit setting, 
indicating that the force has exceeded. If both of those 
conditions have occurred, control is transferred to a step 
654 which tests whether the pass point flag has been set. 
If it has not been set, control is transferred to a step 
656, wherein the position counter is complemented and the 
complemented value is saved as the up limit and the 
position counter is cleared. in the event that the pass 
point flag has been set, control is transferred to a step 
658. in the event that the test in step 652 has been 
negative, control is transferred to a step 660 which tests 
the value of the obstacle reverse flag. If the obstacle 
reverse flag has not been set, control is transferred to 
the step 642 shown on FIG. 6B. If the flag has been set, 
control is transferred to the step 654. 

In a step 658, both transistors 710 and 730 are 
switched off interrupting up and down power from the relays 
to the electric motor 106 and halting the motor and the 
microcontroller then delays for 0.50 second. Control is 
then transferred to a step 660. In step 660, the 
35 transistor 710 is switched on switching on the up relay 
causing the motor to be turned to drive the door upward and 



20 



25 



30 



BNSDOCID <WO 9639740A1_I_> 



WO 96/39740 PCT/US96/09180 



- 23 - 

the 1 second force ignore timer is started. Control is 
transferred to a decision step 662 testing for whether the 
command switch is set. If the command switch is set, 
control is transferred back to the step 664 causing the 
5 force limit setting to be increased, following which 
control is transferred to the step 632, interrupting the 
motor outputs. if the command switch has not been set, 
control is transferred to the step 664 causing the maximum 
force from the 33rd previous reading to be saved as the up 
10 force, following which control is transferred to a decision 
block 666 which tests for whether the l second force ignore 
timer has expired and whether the force period is longer 
than the force limit setting. If both conditions are true, 
control is transferred to a step 668. If not, control is 
15 transferred to a step 670 which tests for whether the door 
position is at the up limit. If the door position is at 
the up limit, control is transferred to the step 668, 
switching off both of the motor outputs to halt the door 
and delaying for 0.50 second. If the position tested in 
step 670 is not at the upper limit, control is transferred 
back to the step 662. Following step 668, control is 
transferred to the step 676 during which the command switch 
is tested. if the command switch is set, control is 
transferred back to the step 644 causing the force limit 
setting to be increased and ultimately to the step 632 
which switches off the motor outputs and delays for 
0.50 second. if the command switch has not been set, 
control is transferred to a step 678. If the position 
counter indicates that the door is presently at a point 
where a force transition normally occurs or where force 
settings are to change, and the 1 second force ignore timer 
has expired, the 33rd previous maximum force is stored and 
the down force array is filled with the last 33 force 
measurements. Control is then transferred to a step 680 
35 which tests for whether the obstacle detector reverse flag 
has been set. If it has not been set, control is 
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transferred to a step 682 which tests for whether the 
1 second force ignore timer has expired and whether the 
force period is longer than the force limit setting. If 
both those conditions are true, control is transferred to 
5 a step 684 which tests for the pass point being set. If 
the pass point flag was not set, control is transferred to 
the step 688. In the event that the obstacle reverse flag 
is set, control is also transferred to the step 688. In 
the event that the decision block 682 is answered in the 
10 negative, control is transferred back to the step 676. If 
the pass point flag has been set as tested for in the step 
684, control is transferred to the step 686 wherein the 
current door position is saved as the down limit position. 
In step 688, both the motor output transistors 710 and 730 

15 are switched off, interrupting up and down power to the 
motor and a delay occurs for 0.50 second. Control is then 
transferred to the step 690 wherein the up transistor 710 
is switched on, causing the up relay to be actuated, 
providing up power to the motor and the 1 second force 

20 ignore timer begins running. In the step 692, a test is 
made for whether the command has been set again. If it 
has, control is transferred back to the step 644, as shown 
in FIG. 6B, and following that to the step 632, as shown in 
PIG. 6A. If the command switch has not been set, control 

25 is transferred to the step 694 which tests for whether the 
position counter indicates that the door is at a sectional 
force transition point or barrier and the l second force 
ignore timer has expired. If both those conditions are 
true, the maximum force from the last sectional barrier is 

30 then loaded. Control is then transferred to a decision 
step 696 testing for whether the l second force ignore 
timer has timed out and whether the force period is 
indicated to be longer than the force period limit setting. 
If both of those conditions are true, control is then 

35 transferred to a step 69 8 causing the motor output 
transistors 710 and 730 to be switched off and all data is 
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stored in the non-volatile memory 88 and the routine is 
exited. i n the event that decision is indicated to be in 
the negative from the decision step 696, control is 
transferred to a step 697 which tests whether the door 
position is presently at the up limit position. If it is, 
control is then transferred to the step 698. If it is not, 
control is transferred to the step 692. 

In the event that the rpm interrupt step 322, as 
shown in FIG. 5B. is executed, control is then transferred 
to a step 800, as shown in FIG. 9A. In step 800, the time 
duration from the last rpm pulse from the tachometer 110 is 
measured and saved as a force period indication. Control 
is then transferred to a decision block. Control is 
transferred to the step 802, in which the operator state 
15 variable is tested. In the event that the operator state 
variable indicates that the operator is causing the door to 
travel down, the door is at the down limit or the door is 
in the auto- reverse mode, control is transferred to a step 
804 causinc the door position counter to be incremented. 
20 In the event that the door operator state indicates that 
the door is travelling upward, has reached its up limit or 
has stopped in mid- travel, control is transferred to a step 
806 which causes the position counter to be decremented. 
Control is then transferred to a decision step 808 in which 
25 the pass point pattern testing flag is tested for whether 
it is set. If it is set, control is transferred to a step 
810 which tests a timer to determine whether the maximum 
pattern time allotted by the system has expired. In the 
event that the pass point pattern testing flag is not set, 
30 control is transferred to a step 812, testing for whether 
the optical obstacle detector flag has been set. If is 
not, the routine is exited in a step 814. If the obstacle 
detector flag has been set, control is transferred to a 
step 816 wherein the pattern testing flag is set and the 
35 routine is exited. In the event that the maximum pattern 
time has timed out. As tested for in the step 810, control 



BNSDOCID: <WO 9639740A1 J_> 



WO 96/39740 



PCT/US96/09180 



26 - 



is transferred to a step 820 wherein the optical reverse 
flag is set and the routine is exited. In the maximum 
pattern time has not expired, a test is made in a step 822 
for whether the microcontroller has sensed from the 
5 obstacle detector that the beam has been blocked open 
within a correct timing sequence indicative of the pass 
point detection system. if it has not, the routine is 
exited in a step 824. if it has, control is transferred to 
a step 826. Testing for whether a window flag has been 

10 set. As to whether the rough position of the door would 
indicate that the pass point should have been encountered. 
If the window flag has been set, control is transferred to 
a step 828, testing for whether the position is within the 
window flag position, if it has, control is transferred to 

15 a step 832, causing the position counter to be cleared or 
renormalized or zeroed, setting the window flag and set a 
flag indicating that the pass point has been found, 
following which the routine is exited. In the event that 
the position is now within the window as tested for in step 

20 82 8, the obstacle reverse flag is set in a step 830 and the 
routine is exited, m the event that the test made in step 
326 indicates that the window flag has not been set, 
control is then transferred directly to the step 832. 

While there has been illustrated and described 

25 a particular embodiment of the present invention, it will 
be appreciated that numerous changes and modifications will 
occur to those skilled in the art, and it is intended in 
the appended claims to cover all those changes and modifi- 
cations which fall within the true spirit and scope of the 

30 present invention. 



BNSDOCIO <WO S639740A1_I_> 



WO 96/39740 



PCT/US96/09180 



- 27 - 

WHAT IS CLAIMED IS: 

1. A movable barrier operator comprising: 
an electric motor; 

a switch operatively coupled to the electric 
motor for commanding the electric motor to move; 

a switch for commanding a learn mode; 

a transmission connected to the electric motor to 
be driven thereby and for connection to a movable barrier 
to be moved; 

means for storing a force set point; and 

means responsive to the learn mode for detecting 
the force applied to the movable barrier and for changing 
the force set point when the force needed to move the 
barrier to an open or closed position is greater than the 
force set point. 

2. A movable barrier operator comprising: 
an electric motor; 

a switch operatively coupled to the electric 
motor for commanding the electric motor to move; 

a transmission connected to the electric motor to 
be driven thereby and for connection to a movable barrier 
to be moved; 

means for detecting when the movable barrier has 
moved to a stored digital end of travel position and for 
halting the barrier in response to the stored digital end 
of travel position having been exceeded; and 

a barrier position signal generator for producing 
a barrier position signal for normalizing the detector 
means ; 

means for changing the stored digital end of 
travel position when, after halting, the motor is commanded 
to move by the switch. 

3. A movable barrier operator comprising: 
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an electric motor; 

a switch operatively coupled to the electric 
motor for commanding the electric motor to move; 

a transmission connected to the electric motor to 
be driven thereby and for connection to a movable barrier 
to be moved; 

an ambient temperature detector positioned near 
the electric motor; 

means for storing a difference between the 
integral of the motor speed with respect to time when the 
motor is energized less the time the motor is not energized 
as adjusted for by the ambient temperature; and 

means for anticipating the contribution to the 
time integral during the next commanded operation of the 
motor and inhibiting the motor if the predicted result 
exceeds a set point. 

4. A movable barrier operator comprising: 
an electric motor; 

a transmission connected to the electric motor to 
be driven thereby and for connection to a movable barrier 
to be moved; 

a multiplexing switch having a plurality of 
switches and providing a different signal for each switch 
of said plurality that has been closed; and 

a controller having a port connected to the 
multiplexing switch and to the electric motor to control 
the operation of the electric motor in response to closure 
of one of the switches of the plurality of switches. 

5 . A movable barrier operator according to claim 
4 wherein the controller is adapted to receive a serial 
digital communication through the port connected to the 
multiplexing switch. 
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Power on reset 
Clear all memory and 
test checksum of ROM 



Last State Down Limit 



Set the position as the 
Down limit value and set 
the window flag. Set the 
Operation state as Down 
Limit 



I 




Last State Up Limit 



Last State somewhere in th^middle 



Set the position as outside 
of normal range 6 inches 
below the secondary up 
limit. Set the Operation 
state as Stopped 



6 

Set the position as the Up 
limit value and set the 
window flag.Set the 
Operation state as Up 
Limit 



7 

Read the motor temperature from 

the nonvoL 
Read the PC board temperature 
from the circuit and if it is greater 
then the temperature read from the 
nonvol set ths PCB temperature as 
the motor temperature. 
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z 



12 

Timer interrupt 
every 0.5mS 



13 

RPM interrupt every 
falling edge from 
the tach 



!h 



i 



Cw-tJL 14 

Stiver interrupt every 
10mS from the protector 
when the photobeam is 
not broken 



14.01 



amer 
then return 



15 

Timer interrupt 
rf wall switch 0.3 mS 
If RS232 then 
0.208mS 



Page 2 



BNSDOCID: <WO. 



9639740A1_I_> 



WO 96/39740 



PCT/US96/09180 



7/23 



11.01 
Set the max 
force to min 



\cT>0 



11.02 

Turn oft both 
motor outputs and 
delay 0.5 Seconds 



11.03 

Turn on the light and Set 
the Up motor outputs 
start the 1 second force 
ignore timer 



Yes 
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11.06 

Turn off both motor 
outputs and delay 0.5 
Seconds and dear the 
position counter 



11.07 
Turn on the down 
output and start the 1 
second force ignore 
timer 




4P 



11.10 

Is the one second force 
ignore timer done then 
Save the max force period 
(delayed 32 rpm pulses) 
as the down force 



11.12 
take the position 
complement it and save 
it as the up limit then 
clear the position 
counter. Set pass point 
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11.16 
take the position 
complement It and save 
it as the up limit then 
clear the position 
counter. 




11.17 

Turn off both 
motor outputs and 
delay 0.5 Seconds 



11.18 
Set the up output 
and start the 1 
second force ignore 
timer 




11.20 
Save the max force 
period (delayed 32 
rpm pulses) as the up 
force 
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Turn off both 
motor outputs and 
delay 0.5 Seconds 




± < 

11.24 
Turn on the down 
output and start the 1 
second force ignore 
timer 




No 
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11.26 

If the position counter is at a 
sectional bariier and the one 

second force ignore timer is up. 

Save the max force (delayed 32 
rpm pulses) from start of the 

barker into the down force array 




IS 



BNSDOCID: <WO. 



_9639740A1_I_> 



WO 96/39740 



PCT/US96/09180 



12/23 



11.31 

Turn off both 
motor outputs and 
delay 0.5 Seconds 



11.32 
Turn on the up 
output and start the 
1 second force 
ignore timer 




If the position counter is at a 
sectional banfer and the one 

second force ignore timer is up. 

Save the max force (delayed 32 
rpm pulses) from start of the 
barrer into the up force array 





11.35 
Is the 1 second force " 
ignore timer up? and Is 
the force period longer 
then the force limit , 
setting ? 



-Yes- 
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No 




11. 36^^ 
Is the position 
the up limit 
position ? 





Yes 



11.37 

Turn off the motor 
outputs. Store all data 
into the nonvol 
memory and return 
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12.05 12i06 Motor temperature = 

Motor temperature - 

Motor temperature = Motor temperature = ((Motor temperature - PCB 

Motor temperature + motor temperature + temperature)* Thermal • 

stalled adder running adder decay fractjon) 
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12.13 
increment all 
operations timers 
according to there 
periods then return 
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1 



12.14.02 



If there is a 
command 
from the radio 
or wait control 
set the state as 
stopped 

• 



\ 



12.14.03 



If the 0.5 
second timer is 
up set the 
state as up 
travel. 



99 

h 

V 



12.14.04 



Return 



'12.14.01 \ X 

— <^ What is the present ^> 

v operation state?/^ 



Up Travel 



A'Autoreverse 
Delay 



12.14.05 



If there is a 
command 
from the radio 
or wall control 
set the state as 
stopped 



12.14.06 



If the force 
period is _ 
longer them the 
up array value 
for this position 
set the state as 
stopped 



flf Up^irhit 



12.14.09 

If there is a 
command , 
from the radio 
or wail control 
and the motor 
temperature is 
below the 
down travel 
threshold then 
set the state as 
down trave I. rf 
not done due 
to temperature 
output 
diagnostic 
code 



12.14.07 

If the position > 
up imrt or 
position • 
secondary up 
limit position 
then set the 
state as up 
limit 



Stopped in mid trave \ 



• Down Travel/ At Down limit . \° 



12.14.11 

H there is a 
command 
from the radio 
or wall control 
set the state as 
auto reverse 
and clear the 
auto re verse 
timer 




12.14.12 
If the force 
period is 
longer then the 
down array 
value for this «• 
position set the 
state as 
auto re verse 
starting the 
autoreverse 
timer 



12.14.16 

If there is a 
command 
from the radio 
or wall control 
and the motor 
temperature is 
below the up 

trave r 
threshold then 
set the state as 

up trave L 
If not done due. 
to temperature 
output 
diagnostic 
code 



12.14.13 



If the position • 
the down rimit 
position and 
the pass point 
is seen set the 
state as Down 
Limit 



I* 



12.14.18 
If there is a 
command 
from the radio 
or wall control 
and the motor 
temperature is 
below the 
down travel 
threshold then 
set the state as 
down travel 



12.14.17 



Return 



12.14.19 



Return 



\S> 
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12.14.08 



Return 



12.14.14 

If the position = 
the down limit 
position and 
the pass point 
is not seen set 
the state as 
Autore verse 
and start the 
autore verse 
timer 



v 



12.14.15 



Return 
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Travel down 
Down Limit 
Autoreverse 
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^ 

13.01 

Measure period from 
last pulse to this 
pulse and save as 
force period 



Travel Up 
Up Limit 
Stopped 




13.03 
Increment the 
position 
counter 



13.04 
Decrement the 
position 
counter 



ye* 




BNSDOCID <WO. 



9639740A1_I_> 



WO 96/39740 



PCT/US96/09180 



19/23 





Yes 



13.16 
Clear the position 
counter. Set the 
window flag and flag 
pass point found then 
return 
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A/ 



15.05 
Turn on the upper 
device only for the 
charge input and set 
the lower transistor of 
the discharge side 




15.03 

Zero the switch 
status counter 

6roT 4*** ■it** 



«Yes 



Decrement all 
debouncers. set the 
GotSwitchFlag and 
Return 




15.10 

Increment the worklight 
debouncer decrement 
all other and set the 
GotSwitchFlag and 
Return 
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15.14 

Increment the learn 
debouncer decrement 
all other and set the 
GotSwitchFlag and 
Return 



10 for 
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12.28 

Increment the C o** # * u 
debouncer decrement 
another and set the 
GotSwitchFlag and 
Return 




Is 



Increment the \fara 
debouncer decrement 
all other and set the 
GotSwitchFlag and . 
Return 



12.26 
Turn on both of the 
lower transistors to 

discharge the 
capacitor and return 



12-29 
Turn on both of the 
lower transistors to 

discharge the 
capacitor and return 




12.33 
Return 



12J32 
Turn on the upper 
device only tor the 
discharge input and set 
the lower transistor of 
the charge side 



-1s 



4> 



/ 



12.34 
Turn on both upper 
devices and turn off both 
lower devices test for both 
inputs high it not 

decrement all 
debouncers Return 
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NO - 



15.17 
Output the next bit 
(inducing the start 
bit) in the buffer 
then return 





15.19 
Receive the next 
bit into the buffer 
then return 



15.21 

Mark the start of 
receiving a bit 
and return 
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